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(54) LUCIFERASE AMD METHOD FOR ASSAYING IMTRACELLULAR ATP BY USING THE SAME 

(57) The preseni invention relates to luciferase hav- 
ing resistance to a surfactant and a method for measur- 
ing intracellulaf ATP which Is characterized in that the 
luciferase having resisiance to a surfactant ts used in 
this method comprising the steps of : a first step wherein 
ATP is extracted from ceils in a sample; a second step 
wherein light emission is produced by adding a lumines- 
cence reagent containing luciferase to the exiracted 
ATP solution; and a third step wherein the light emission 
is measured. 
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Description 
Technleal Field 

3 10001] The present invention relates to novel lucilerase having ree^stanc© to a surlactani and a method lor measur- 
ing intracellular ATP using the same. 

Blackground Art 

10 f0002] Intracellular ATP is routinely measured for determining the presence o< cells in a sample or the number of 
cells in the fields of food sanitation, biology, clinical examinations, modical sciencei, ultrapure water, and environmental 
science. A general method lor measuring iniracellular ATP comprises the steps of adding an ATP extraction reagent 
containing a surfactant as an efleciive component to a sample containing cells» exlraciing iniracellular ATP, adding a 
luminescence reagerti containing lucilerase into the sample, and then measuring the Total amount of light emitted. 

IS [0003] Lucrfenase is an enzyme thai catalyzes luminescence reaaion of lucrferin. which is a substrate, in the pres- 
ence of ATP and magnesium ion. LucMerase used in a method for measunng intracellular ATP includes those derived 
from firefly species, such as GENJI firefly (Luciola cruciata), HEIKE lirofly (Luciola lateralis). North American f)refly and 
Russian firefly, etc. 

[0004] Intracellular ATP can be extracted by adding an ATP extraction reagent to a sample containing cells and then 
20 Stirring the sample. 

To make full use of the capabilities of the extraction reagent, preferably the reaction agent is added so that the concen- 
tration of a surfactant becomes 0.05% or more of the mixture of the sample and the extraction reagent, However, a con- 
dition where the concentration of the surfactant is 0.05% or more, this inhibits significantly the enzyme reaction in the 
process of measuring ATP corKemraiion by bioluminescence. Thus the sensitivity and accuracy of rheasurement are 
25 largely impaired. This is because a surfactant at such a high concentration lowers luciferase activity 

For example, Nonh American firefly luciferase activity decreases to about 20y& in the presence oi O^% benzalkonium 
chloride (See Table i). 

[0005] On the other hand, inhibition of the bioluminescerrt reaction can be reduced with a lower concentration of 

surfactant. However, tn this case the extraction efficiency for ATP would be insufficlenl. 
"30 [0006] A method wherein cyctodoxtrin or Ks derivative is used is a Known method for suppressing the inhibition of 

luminescence reaction by a surfactant (Japanese Patent Applicatbn Laid-Open No. 6-504200). 

Among methods for measuring intracellular ATP wherein intracellular ATP is extracted by allowing a sample to contact 

with a surfactant and subsequently ATP is measured by I ucHerin- luciferase bioluminescent reaction method, a method 

for measuring intracellular ATP characterized by the application of the btoluminesceni reaction method after allowing a 
55 sample, from which ATP is extracted, to contact wnh cyclodextrin (Japanese Patent Application Laid-Open Publication 

No. 7;203995) is also known. 

[0007] There has been no ailempt so far to suppress the inhibition of bioluminesceni reaction due to a surfactant 
focusing on luciferase. 

[0008] The purpose of the invention is to provide a novel luciferase having anti-surfactant resistance, whose activity 
^0 is not, impaired by the presence of a surfactant at a high concemratioa The other purpose of the invention is io provide 
a method, comprising the steps of extracting iniracellular ATP using a surfactant and measuring imracQllular ATP by bio- 
luminescem reaction using a luciferase, which can lower the inhibition ot bbluminesceni reaction due to a surfactant 
vrithout a decrease in efficiency in extracting intracellular ATP. 

[0008} In the context of this Specification, the term "suppress" is used to describe significant reduction of the inhi- 
^5 bition of the luminescence reaction by a surfactant and the complete elimination ot this inhibKion. 

DUcfoeure of the Invention 

[0010) The present inversion relates to a lucrterase having anti-suriaciant resistance. 
50 |001 1] The luciferase having resistance to a surlaciarrt includes a Itjciferase, wherein an amino acid at the 490-posi- 
lion, or an amino acid corresponding to ihe amino acid at 490-po$tiion of GENJI firefly or HEIKE firefly is substituted by 
an amino acid other than glutamic acid, e.g.. fysine, in the amino acid sequence of a wild-type firefly luciferase. 
[0012] Further, the luciferase having resistance to a surfactant includes a polypeptide consisting of (a) or (b): 

55 (a) A polypeptide consisting of the amino acid sequence shown in SEO ID IMO:4, 

(b) A polypeptide comprising additions, deletions, or substitutions of one or more of amino actds in the polypeptide 
of (a), and having luciferase activity resistant lo a surfaciann. or 
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a polypeptide consisting of (a) or (b): 

(a) A proT&in consisting of an amino acid sequence shown in SEO 10 NO:6, 

(b) A protein comprising addHbns, daleiions, or substitutions ot one or mor© ol amino acids in the polypeptide of 
5 (a), and having luciterase activity resistant to a surfaciani. 

(00131 Further, the present irrvention relates 10 a luceferace gene encoding the lucilerase having resistance to a 
surfactant. 

10014] Funhermore. the present invention relates to a recombinant vector containing the loceiferase gene encoding 
TO the lucHerase having resistance to a surfactant. 

|0015] The present invention also relates to a transformam containing the recombinant vector. 

[0016) In addition, the present invention relates 10 a method for producing the luciferase, comprising the steps of 

cuituring ihe recombinant in a medium, and collecting lucKarase with resistance to a surfaciam from the culture product. 

[0017] Moreover the present invention relates to a method for rneasuring intracellular ATP, comprising the steps of 
15 a first step wherein ATP is exiraaed in the presence of a surfactant from cells in a sample; a second step wherein a 

luminescence reagent containing luciferase is added to the extracted ATP solution so as to cause light emission: ard a 

third step wherein the light emission is measured, and characterized in that luciferase having res»stance to a surfactant 

is used. 

[0018) This specrficaiion encompasses the description and/or drawiftgs given in Japanese Patent Application No. 
20 H09-361022. 

Brief Description ot Drgwfnge 

[0019} 

25 

Figure 1 shows a production processes for a mulam luciferase HIK. 

Figure 2 shows change wrth time of light emission from natural type luciferase.' 

Figure 3 shows a comparative resistance against benzalkoriium chloride ot mutant luciferase. 

Figure 4 shows a comparative resistance against benzetonium chloride of mutant luciferase 

Detailed Description of the Invention 

|0020] The present invention will now be described in detail. 

S5 (Luciferase having resistance to surfactant] 

[0021] Luciferase having resistance to a surfactant according to the present invention is as described below. 
The term "having resistance to a surfactant" corresponds to any one of the following features. 

40 (1 ) Whe n compared to Known luciferase. the luciferase of the presem invention leads 10 an increased initial amount 
ot light emiTied inrhe presence of a surfaaani. Here the term ''compare" means, for example, where the luciferase 
ot the present invention is produced by introducing mutation into an amino acid sequence of known lucKerase, to 
compare light emission from luciferase before and after the introduction of a mutation. 

(2) When compared to known luciferase, the luciferase of the present invention shows a gentle decrease in its activ- 
4$ . ity in the presence of a surfactant. 

(3) The luciferase of the presem invention has the remaining activity of more than 65% in the present of 0.4% sur- 
factant. 

[0022] Hereinafter "luciferase having resistance to a surfactant* is referred to as "surfactant - resistant luciferase.** 
so (0023] The term "activity* means the catalytic activity of bioluminescent reaction. Further arty surfactant can be 
used in the present invention so far as n can be used in tne measurement system tor intracellular ATP These surfactants 
include an anionic surfactant, cationic surfactam. ampholytic surfactant, non-ionic surfactant. A specific reagent is ben- 
zaikonium chloride or benzetonium chloride containing quaternary ammonium salt as a major component. 
[0024] The lucitorase of iho proseni inwemion can be prepared from lumirtescence organs of luminescent organ- 
55 isms. The luminescent organisms include luminescent insects and lumtnesceni bacteria. The luminesceni insects 
include those belonging lo the order Cleoptera, such as those belonging to the family ilrefly and the lamily Pyrophorus. 
Specific examples include GENJI firefly. HEIKE firefly. Nonh American firefly. Russian firefly. Pynopborus plagiophtha- 
lamus. Arachnocampa luminosa. and Bail worm. Further the luciferase of the presem invention is obtained by cloning 



3 



NOU-2g-2004 15:01 



BHG a L 



312 321 4299 P. 16 



EP 1 041 151 A1 

a lacilerasG gene from the luminesconi organism and allowing the geno to express using an appropriaie vector - host 
system. 

[00251 Moteovar ihe lucHerase of the preseni invention can be obtained by introducing mutation such as additions, 
deletions, and subsiituiione into an ammo acid sequence of well-known lucHerase. WelKknown genetic engineering 

5 techniques can be used to introduce muiaiion imo an amino acid sequence. In this case tirstl/, a mutation such as an 
addition, deletion, or subsiriution is introduced into a nucleotide sequence of a lucHerase gene derived from the above- 
mentioned luminescent organism or a well-Known luciferase gene by genetic engineering techniques so as to generate 
a mutant lucrterase gene. Subsequently, the mutant gene is incorporated into an appropriate hosi-vector system, 
thereby generating a recombinant microorganism. Then the recombinant microorganisms producing the luciferase of 

10 the preseni invemion are selected by screening, the seleaed recombinant microorganisms are cuhured in a medium. 
Finally. the luciferase can be collected from the culture product. 

I0026J* Hereinafter surfactant- resistant luciferase obtained by introduction of a mutation into an amino acid 
sequence is referred to as "mutant luciferase," 

10027] The mutant luciferase is lor example. lucHerase wherein an amino acid corresponding to an amino acid at 
15 the 490-position 0I the 6ENJI firefly luciferase or the HEIKE firefly luciferase, is substituted by an amino acid other than 
glutamic acid »n an amino acid sequence of a wild-type firefly luciferase. The amino acid other than glutamic acid is a 
basic amino acid. Specific examples include lysine, arginine, and hislidine. The term "an amino acid corresponding to 
the amino acid at the 490-position of the GENJI or the HEIKE firefly lucHerase" means an amino acid corresponding to 
the amino acid at the 490-posttion of the GENJI or HEIKE firefly luciferase when the delermined amino acid sequence 
20 of luciferase is compared to an amino acid sequence of the GENJI or HEIKE firefly luciferase. 

[002B] Moreover, in the GENJI or HEIKE lirefly luciferase, the amino acid at the 490-poEiiion is glutamic acid. Fur- 
ther, in North American firefly luciferase, "an amino acid corresponding to the amino acid at the 490-position of the 
GENJI or the HEIKE firefly luciferase" corresponds to the glutamic acid at the 4e7-position. 

10029) More specifically, the mutant luciferase is a polypeptide comprising an amino acid sequence shown in SEQ 
25 ID N0:1 or 2, or said amino acid sequence wherein one or more amino acids are added, deleted or substituted. 

[Method for producing mutant luciferase by genetic engineering techniques) 

[0030} A method lor generating mutant luciferase by genetic engineering techniques will now be described as lol- 
90 lows, 

[0031] The mutant luciferase is produced by introducing mutation such as additions, deletions, and substitutions 
into a nucleotide sequence of known luciferase and allowing an appropriate vector-host system to express the gene. 
[0032] The known luciferase genes includes, but are not limited to, a firefly luciferase gene, more specifically a wild- 
type HEIKE liretly luciferase gene (Japanese Patent Application Laid-Open No. 2-1711 fi9) and a thermostable HEIKE 
35 firefly. luciferase gene (Japanese Patent Application Laid-Open Na S-244942). 

i) A method for introducing mutation imo a luciferase gene is^ for example a method wherein the gene and a muta- 
gen are allowed to cortiact with each other. Specific examples of the mutagen include hydroxylamine. nitrous acid, 
suHurous acid, and 5-bromouracil. Funher. ultra violet irradiation, cassette mutagenesis, and site-directed muia- 

40 genesis using PGR can also be used. Furthermore, a mutant lucefirase gene having a mutation at a desired posi- 
tion can be generated by annealing chemically symhesized DNA. 

ii) Next, the mutant luciferase gene is inserted into a vector DNA having such as a promoter sequence, a marker 
gene, and a replication origin, etc. thereby producing a recombinant ptasmid. Any veaor DNA can be used so far 
as it can be replicated in a host cell. Examples of the vector DNA irKluda plasmid DNA and bacteriophage DNA. 

45 When the host cell is EschencN^ cotK examples of the vector DNA include plasmid pUCl 19 (Takara Shuzo Ca , 
Ltd ), pBluescripi SK+(Straiagene). pMAL-C2 (NEW England Labs), pGEX-5X-1 (Pharmacia), pXal (Boehringer), 
and pMASe (G.Ammerer, Meih, Enzymol., 101, 192. 1983). 

iii) Subsequerrtly. an appropriate host cell is transformed or transduced with the above recombinant plasmid, and 
screening is performed br recombinartt microorganisms having the ability lo produce the mutant luciferase. 

so 

[0033] Any host cells including eucaryotic and proKaryotic cells can be used. The eucaryotic cells include animal 
plant; Insect, yeast cells. The prokaryolic cells include Eschsffchia coii BadftussubWis, and Actinomyces, The animal 
cells include CHO, COS. HeLa cells and cells of myeloma cell lines. The proKaryotic cells include microorganisms 
bebng to the genus Escherichia, such as Bscherichts coh JMlOl (ATCC 33876). JM109 (produced by Takara Shuzo 
5S Co.. Ltd.). XLi-Blue (produced by Siratagene), and HB101 (ATCC33694). 

[0034] Transformation in the present invention can be performed by for example. D,M. Morrison's method (Meih. 
Enzymol . 68. 326-331, 1979); Transduction can be conducted by for example, B.Hohn's method (Met. EnzymoL. 68. 
299-309. 1979). Methods for purification of recombinant DNA from recombiriam microorganisms include RGuerry's 
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meihod (JBacteriology. IIG. 1064-1066, 1073). and D.aOweirs maihod (J. Bacteriology, 110. €67-676. 1972). 
The nucleotide sequence o» a gene inserted inio ihe recombinam DNA can be determined by. for example Maxam-Gil- 
ben method (Proc. Nail. Acad. Sci. USA. 560-564, 1977). and Dideoxy method (Proc. Natl. Acad. Set. USA. 74. 
54§3"5<»67. 1977). 

. iv) The mutant luctfofase of the present invention can be produced by cuHuring the recombinant microorganisms 
obtained in the manner described above in media. 

10035) When the host cell is EschGhchia coli. recombinanx E.cob may be cultured by solid culture methods, prefer- 

ro ably liquid culture methods. 

A culture medium of the present invention contains one or more nitrogen sources, such as yeast extract, tryptone, pep- 
tone, meat exiraa, corn steep liquor or exudate ol soy bean or wheat bran, to which one or more of inorganic salts, such 
as sodium chloride, potassium phosphate, dipoiassium phosphate, magnesium suKaie, magnesium chloride, ferric 
chtoride, ferric suttaie or manganese suHate are added. If necessary sugar and vitamins are added to this medium. Fur- 

15 ther the initial pH of the medium is preferably adjusted within pH 7 to 9. Moreover the culture is performed ai a temper- 
ature within 30*C to AZ-C, preferably cii around 37"C for 3 to 24 hours, preferably for 5 to a hours. Preferable cuhure 
methods include aeration-agitation submerged cuhure, shaking c.ulture, and static culture. 

[003GJ To recover mutant iuciierase from the culture product after the completion d cuhuring recombinant E.coti, 
standard means for collecting enzymes can be employed. That is, the culture product is cerrtrifuged to obtain cells. 
20 Then the cells are disrupted by treatment with lytic en2yme8, such as lyeozyme, ultrasonication, or milling. Fused pro- 
tein is discharged out of the cell. Subsequemty insoluble substances are removed by filiraiion or cemrif ugation, so that 
a crude enzyme solution containing mutant luciferase can be obtained. 

10037] In the presem invention the above crude enzyme solution can be used as auiheiic protein matter, or alter- 
natively it can further be purified to higher purity by standard protein purification techniques. These Techniques including 
ss sulfate salting out, organic solvent precipitation, ion exchange chromatography, hydrophobic chromatography, gel filtra- 
tion chromatographr. adsorption chromatography, affinity chromatography, and electrophoresis can be used solely or in 
combination. 

10038] The use of surfactant-resrstam luciferase of the present invention allows the additiori of a surfaaam at a high 
concemraiion in the extraction process lor intracellular AT R 

{Deteciion of intracellular ATP of the present Invention) 

10039] Deteciion of intracellular ATP of the presem invention will be described as folbws 

35 i) First, ATP exlraciion reagent containing surfactant as an etfeciK/e component is added to a sample containing 
cells so as to extract intracellular ATP out of ihe celts. The term "cells'* refers to the cells derived from animal, plant, 
microorganism (e.g., yeasts, mold, lungi, bacteria, aciinomyces, unicellular algae, viruses, and protozoa). 

Any sample can be used so far as it contains the above cells. These samples include, but are not limited to, 
' foods and drinks, pharmaceuticals, cosmetics, seawaier, river water, industrial whaler, sewage, soil, urine, feces. 

40 blood, sputum, pus. and culture product of the above cells. A sample solution can also be prepared by suspending 
These samples in an appropriate solvent, such as distilled water, physiological saline, phosphoric acid butfer, Tris 
butler, or sodium acetate buffer. When a fluid specimen contains solids, the fluid specimen rs suspended in an 
appropriate solvent or homogenized using a mixer so that it can be handled in the same manner as that in liquid 
form, 

'#5 A sample of a filter membrane can also be prepared by filtering the above sample in liquid form through a 

hydrophilic or hydrophobic filler membrane. The hydrophilic or hydrophobic lilier membrane by which cells are cap- 
lured can be used as a sample. In such a case, a ftim- or sheet-type hydrophilic filter membrane made of 
hydrophilic potytotratluoroethylene, h/drophilic polyvinylidenefluoride. hydrophilic poly amide, aceiy Ice Itu lose, and 
nitrocellulose, etc., can be used. Hydrophobic fiher membranes made of PVDF (polyvinylidenefluoride). PTFE (pol- 

50 yioratluoroethylene). and PE (polyethylene) etc., can be used. 

Surfactants include anionic surtactams. caiionic surfactants, amphotytic surfactants, and non-tonic surfaciarrts. 
Anionic sulfaaants include sodium dodecyl sulfate (SOS), lauryl potassium sulfate, sodium monolauroyt phos- 
phate, and sodium alkytbenzenesulfonic acid Cationic surfactams include benzalkonium chloride (BAG), benzeio- 
nium chloride (B2C), cetylpyridinium chtoride. ceihyltrimethylammonium bromide. and 

S5 myrisryldimeihylbenzylammonium chloride, ampholytic surfactants include Twitlergem Delergent 3-08, 3-10, 3-12, 
3-14.3-16, and Tego. Finally rwn-ionic surfactants include Tween 20. 60, and 60, Span 60 and 80. Triton X-45 and 
?(-iO0, polyoxyethylene ether, and polyoxyethytene lauryl elher. 

Arty concentration of a surfactant can be employed so tar as it allows full expression of the ability to extract ATP. 
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Preferable concentralion ot a surlactant is 0.05% or more of the mixture of a sample and ATP exiraciion reagent. 
A sample and ATP e^traciion reagem are contacted wHh from each other at room temperature or with heating. 

ii) After ATP extraction, bioluminesceni reagent is added to the sample containing suffactani-resistant luciterase so 
: s as 10 cause emission. Then the light emission is measured. 

' When surfactant-resistant lucrferas© is derived from a iirofiy, the bioluminescem reagents are those corrtaining 
e.g.. the following componems (a) to (c). 

(a) surfactant-resistant luciferase 
10 < (b) luciferin 

(c) magnesium lor^ or other metal ior^s 

Further in addition lo the above comoonents. substances invohring pH preparation or improved shelf life may 
be added. Such substances include EDTA 2Na. dithiolhreitol, ammonium sulfate, sucrose, 2-mercaptoethanot, 
}5 HEPES, Trictne. and Tris. 

iii) The amoum of light emified by the addition of a bioluminescertl reagent can be measured by a luminometer such 
as a lumiteeier K-100 produced by Kikkoman Corporation, a luminescence reader BLR-'201 produced by Aloka 
Ca.Ltd. (an improved type, or a Lumat L89501 produced by Benhotd. When a filler membrane by which cells are 

20 captured is used as a sample, ihe cells can be counted using a bioluminescem image analysis system device lo 
photograph spots on the fiher membrane. Such a device is AflGUS-SO/CL (with taper liber: produced by Hama- 
m^teu Photonics K.K.). 

10040] The present invention will now be described in detail by the use of examples. 
25 {0041] However the technical field of ihe present invention Is not limited by these examples. 

Exan^ple 1 Surfactant resistance of natural type luctrerase dertved from various tira fly species. 

(Method of preparing wild type luciferase derived from various firefly species) 

30 

[0042] Luciferase derived from GENJI and HEiKE fireflies was prepared according lo the following methods. 1 mM 
ethylene diamine-4-acetate-2-sodium and 2mM phenylmathylsuKbnylfluoride were added io 25mM Tris (hydroxy) ami- 
nomeihanehydrochloric acid butter. Funher ammonium sulfate was added to this solution so as to achieve 1 0% satura- 
tion. Tail portions ot the various firefly species vi^re added to this mixture at pH 7.8, and ihen disrupted using Hiskoioron 
3S (produced by Nichionrikakikaiseisakusho) . The resulting solution was ceotrrfuged at 12.000 rp.m. tor 20 minutes to 
obtain supernatants as staning materials for purification. The purification was conducted by the process comprising 
salting out of ammonium sulfate, Ultrogel Ac A34 (produced by LKB) column, and hydroxy -apatite HPLC (produced 
byTOSHOH. TSK gel HA-lOOO) column. Finally an electrophoretically homogenous sample was obtained. In addition 
the luciferase derived from North American firefly is a commercial product (Sigma. L-9506). 

40 

(Method of determining luciferase activity) 

(0043] A luciferase sample was properly diluted using enzym8>-dilut6d solution (1 mf^ EDTA, 1 mM 2-mercapioetha- 
noL 1% BSA, 50mM HEPES, (pH7.5)). To 100 ^aI of this solutten, 100 pi of substrate solution (1.4mM luciferin, 40mM 
-#5 ATP. 30OmMMgSO4.7H2O.5OmM HEPES, (pH7.S)} was added. 

The light emission was measured using BLE-201 Luminescence reader (produced by Aloka Co. , Ltd.) under the follow- 
V ing conditions. 

Measuring range: x1 00 
50 Numerical value displayed; x1 000 
lyleasuring temperature; 30^C 
Measuring time: 20 seconds 

[b044] 1 MLU (mega i»ghi unit) /ml is a value for activity when the measured value under ihese conditions was 1 
55 Kcount. 
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(Method of determining surfactant-resisiance) 

[004S] Enzyme samples were obtained by preparing luciterase samples derived from various iirefly species using 
enzyme-diluted solution (ImM EOTA. imM 2.mercaptoethanol. 5% glycerol. 50mM HEPES, (pH7.S)) to achieve 0.5 
5 MllU/ml conceniraiion. 

|0046] SOm) of 0.4% bentalkonium chloride (25mM Tricine at pH 7.75) and then 50 ^1 ot ihe enzyme sample were 
added to 100 ^l of substrate solution (4mM ATP, 0.4mM lucHorin, lOmM magnesium sulfate. 50mM HEPES (pH 7,5)). 
After me solution was stirred tor 5 seconds, the lighl emission vt«s measured every second using Berlhold Lumai LB- 
9501 for 1 minute. 

10 10047) Figure 2 shows Ihe results. Along the vertical axis in this figure, the relative ratio of me light emission was 
plotted with the inrtial amount of lighl emrtted considered to be 100% upon use of 25mM Tricine (pH 7.75) instead of 
0.4% benzalkonium chloride. 

10048J As shown in these results. North American firefly luciferase was bw in the initial light emission and the lighl 
emission decayed rapidly. This was caused by the low surtactam-resistance of the North American firefly luciferase. 

15 This can lead to low sensitivity and accuracy in measuring such values. On the other hand GENJI firefly luciferase 
showed an initial light emission higher than mat of North American firefly lucHerase. Thai is, GENJI firefly lucrterase was 
shown TO have a surfactant resistance superior lo that of North American firefily luciferase. Furthermore, HEIKE firefly 
luciferase showed an initial light emission higher than thai of GENJI firefly luciferase and Ihe emission decayed slowly. 
Therefore. HEiKE firefly luciferase has good surfactant resistance, superior to that of GENJI Firefly lucHerase. These 

2C results suggest thai the degree of surfaciam resistance of luciferase varies according to the firefly species 

Example 2 Preparation of mutant luciferase KLK and HtK 
' 10049) Two types ol muiart luciferase (named "HLK" and 'HIK*") were prepared according to the following methods. 

25 

(Production of a gene encoding mutant luciferase HLK) 

[0050] A mutant luciferase gene was produced by site-diredod mutagenesis using PGR. A plasmid pHL17-217Leu 
described in Japanese Patent Application Laid-Open Na 5-244942 was used as a template for PGR reaction. The 

00 pHU7-2l 7Leu was a recombinant plasmid prepared by inserting a thermostable HEIKE firefly luciferase gene, in which 
an amino acid corresponding to Ala at the 217-po5ition was substituted tor a Leu-encoding gene, into a plasmid 
pUGii9 In addition. E. coli JMlOi, to which ihe recombinant plasmid pHLf 7-2 l7Leu had been introduced, has been 
narrved E.coli JM101 (pHLf7.217Leu) and was deposited on April 22, 1992 as PERM BP-3840 with ihe National Institute 
of Bioscience and Human-Technology, Agency of Industrial Science and Technology (1-3, Higashi l-chome^ Tsukuba- 

35 shi. Ibaraki-ken. Japan). 

[OOSI] The primer for PGR reaction was an oligonuceltido having a nucleotide sequence shown in SEQ ID No: 1 or 
2. The DNA polymerase was a KOD dash polymerase (produced by TOYOBO). A PGR reaction cycle (94*C for 30 sec- 
onds. 50"G for 2 seconds, and 74'=*C for 3 minutes) was repeated for 30 times according to ihe examples attached to 
KOO dash polymerase. The PGR product was ligaled into a circular recombinant plasmid pHULK using standard tech- 
no- niques. 

[0052] Sequencing of a mutant luciferase gene contained in ihe pHLfUK was performed, 

IQ053J Reaction was conducted using a Diprimer Taq Sequencing Kii (produced by Applied Biosysiems). Then the 
eleirophoretic analysis was performed using ABI 373A DNA sequencer (produced by Applied Biosystems). The emir© 
nucleotide sequence of the obtained mutant lucHerase gen© is shown in SEO ID NO; 3, and the amino acid sequence 

45 of a polypeptide encoded by this gene is shown in SEO ID NO; 4. In the mutant luciferase gene, the genetic portion 
corresponding to alanine at the 217-posrtion of wild-type HEIKE firefly luciferase was substrtuted by a gene encoding 
leucine, the genetic portion corresponding to glutamic acid at the 490-position of the same was substituted by a gene 
encoding lysine. The pHULK-imroduced E.coli JM 109 strain was named E.coli JM109 (pHLfLK) (see Figure 1 ). E. coli 
JM109 (pHLfLK) was deposited as PERM BP-61 47 on October 16, 1997) with the National Institute of Bioscience and 

50 Human-Technology, Ager^y of Industrial Science and Technology. Japan. 

(0054] The polypeptide shown in SEQ ID N0.4 was named the mutant luciferase HLK. 

(preparation of gene encoding mutam luciferase HiK) 

ss 10055] A mutant luciferase gene was prepared using the plasmid pHLf7-2i7ite described in Japanese Patent Appli- 
cation Laid-open No 5-244942. The plasmid pHLf7-217lle was a recombinant plasmid prepared by inserting a ther- 
mostable HEIKE firefly luciferase gene, in which an amino acid corresponding to Ala atthe2l7-po5ition wassubstiiuied 
for a He-encoding gene, irflo a plasmid pUC1 1 9. The transformarrt strain obtained using this plasmid was deposited on 



7 



NOU-29-2004 15:03 



BHG 8. L 



312 321 4295 P. 20 



EP1041151A1 

April 22, 1 992 as FERM BP-3641 with !he National Instiiuie ot Bioscienco and Human-Technology. Agency ol Industrial 
Science and Technology. Japan. 

[0056]. About a 580bp Iragmem obtained by cutting the pHLfLK With EcoRV and Narl was obtained by agarose gel 
electrophoresis. Then the iragmeni was inserted into the pHLf7-2i7llo ueaied whh ibe same restriction enzymes. 
5 10057] The resulting recombinant plasmid has been named pHLlIK and the plasmtd-imroduced E.coti JMi 09 strain 
hasbe(©n named Exoli JMt09 (pHLflK). 

E.coli JMI 09 (pHUlK) was deposited on October 1 S J997 as FERNA. BP-Si 46 with the National Institute of Bioscience 
and Human-Technology. Agency of Industrial Science and Technology, Japan, 

(0058] The entire nucleotide sequence ol the muiant luctferase gene contained in the pHUlK is shown in SEO ID 
10 NO: 5. and the amino acid sequence d a polypeptide encoded by this gene is shown in SEO ID NQ: 6. In the mutant 
luciferase gene, the genetic portion corresponding to alanine at the 2i 7-posiiion of wild-type HEIKE firefly luciferase 
was subsiituied by a gene encoding isoleucine. ihe genetic portion corresponding to glutamic acid ai the 490-posiiion 
ol the same was substituted by a gene encoding lysine (see Fig. 1). 
ld050] A polypeptide shown in SEO ID NO 6 was named the mutant HIK firefly. 

ExampYe 3 Preparation ot mutant luciferase HLK and HIK 

[OOepj E.coli JM109 (pHLfLK) and E.coli JM109 (pHUlK) were inoculated on LB media (1 % Bacto-iiypton (W/V), 
0.5% yeasi extract (WA/). 0.5% NaCI (W/V), arfipicillin (50 ng/ml). 1.4% agar (WA/)). each containing ampicillin, and 
20 cultured at 37*C for 16 hours. The resuKing culture fluid was centrifuged at 6000 r.p.m. for 1 0 minutes. The precipitated 
cells were suspended in 0.1M potassium phosphate buffer at pH 7.8 (0.1M ammonium suHaie, 1mM EDTA) were dis- 
rupted by ullrasonication. 

[0061] Next, crude enzyme solution was obtained by centrifugation at 12000 r.p.m. for tO minutes. The obtained 
enzyme solution was purified using the above purification techniques such that it becomes an elecirophoreiically 
25 homogerK)us sample. 

Example 4 Surfactant resistance or mutant luciferase HLK and HIK 

(Char)ge& in emission with time) 

30 

|0062] To compare sudaciant resistance of mutant luciferase vyith that of known lucilerase» changes in emission 
with time were measured according to the aforementioned methods of measuring surfactant resistance. Figure 3 shows 
the results obtained by the use ol 0.4% benzalKonium chloride (25mM Tricine (pH 7.75)). Figure 4 shows the results 
obtained by the use of 0.6% benzaihonium chloride (25mM Tricina (pH 7.75)). 

55 [0063] "HEIKE I mutant*' in this figure is thermostable HEIKE firetfly luciferase (described in Japanese Patent Appli- 
catbn Laid-open No. 5-244942) wherein Ala at the 217-position of wild-type HEIKE firefly luciferase is substituted for 
lie. 'HEIKE L mutam" is thermostable HEIKE firefly luciferase (Japanese Patem Application Laid-Open No. 5-244942) 
wherein Ala at the 21 7 position oi wild-type HEIKE luciferase is substituted by Leu. "HIK" is a mulani wherein Giu at the 
490-posiiion of HEIKE I mutant is substituted by Lys. that is. the mutant luciferase HIK prepared in Example 3. "HLK" is 

^0 a muiant wherein Glu at the 490-po5it(on ol HEIKE L mutant is substituted tjy Lys, thai is, the mutant luciferase HLK 
prepared in Example 3. 

[0064] As can be seen in Fig. 3 which shows the results tor benzaWconium chloride, the emission of HIK decayed 
more slowly than that of the HEIKE I mutant. Comparison of HLK and HEiKE L mutam reveals that HLK had initial light 
emission improved by about 20%, and slower decay in ihe light emission. 
4$ Therefore, the substitution of an amino acid at the 490-po5ition resulted in improved surfactant- resistance of a luci- 
ferase. 

10065] As shown in Fig. 4 which shows the results obtained by the use of benzethonium chloride, HIK showed 
decay in emission more slowly than that of HEIKE I mutant. Further HLK showed slower decay in light emission than 
that of HEIKE L muiant Therefore, the subsiiiuiion oi an amino acid at the 490-posiiion resulted in Improved surfactant 
50 resistance 

(Corr^parison of emission rale) 

10066] The influence o* the enzyme solution, substrate solution and benzalkonium chloride used when measuring 
55 change with time, on the measurement values taken under actual emission measurement condrtions. was examined. 
Table 1 shows the light emission measured using Berthold Lumat LB»9501 under measuring conditions (5 seconds of 
waiting time, 3 seconds ol measuring time). 

In addition, the emission rate (remaining adiviry) was calculated by dividing the light emission measured in the pres- 
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entj© of 0.4% benzalkonium chloride by a control value. Here the control value was iho light emission upon use oi 25mM 
Trkiine at pH 775 instead of 0.4% bon2aIkonium chloride. 



Table 1 



IS 



Luciferase type 


Light emission (RLU) 


Emission rate (%) 




Without extractbn rea- 
gent 


WHh extraction reagent 




North American tirelfy 


452563 


97790 


21 .6 


GENJ) firefly 


409406 


167805 


41.0 


HEIKE firefly 


425792 


324724 


76.3 


HEIKE 1 mutant 


422269 


341039 


60.8 


HEIKE L mutant 


423726 


343634 


61.1 


HlK 


366429 


345159 


89.3 


HLK 


390289 


396764 


1017 



20 

10067] North American firefly luciierase showed an emission rale as low as 21 .6%. suggesting a large decrease in 
eensK'n/ity. On the other hand, ihe emission rates for GEMJI and HElKE firefly luciferase were 41.0% and 76.3%, 
respectively, suggesting that the sensitivity of these firefly lucrterases were less affected than that of North American 
firefly luciferase. 

25 f0088] The emission rate tor mutant luciferase HlK and HLK were 89.3% and tOl .7%. respectively. These rates 
v^ere far greater than those of wild-type HEIKE firefly luciferase and Thermostable HEIKE lirefly luciferase. Particularly 
the emission rate of HLK was almost iO0%. That is. HLK can yield the same light emission regardless of the presence 
or absence of a surfactam. Therefore, the sensitwity of HLK is totally unaffected by the use of a surfactant, allowing 
measurement with high accuracy. 

SO' 

(Comparison of 1C50) 

. 10069] Benzalkonium chloride and various luciferases were contacied wKh each other for 10 minutes. Then the 
benzalkonium chloride concentration (IC50). at which activity is inactivated by 50% was determined Equal amounts of 
J5 luciferase solution prepared at this concentration and 0.01 to 0.1% benzalkonium chloride were mixed, and then 
allowed to stand for 10 minutes at room lemperaiure. Subsequently. 100 pi of substrate solution was added iothe mix- 
ture. Immediately after addition, the light emission was measured using Beahold Lumai LB-9501. lC50s obtained were 
' as shown in Table 2. 



Table 2 



IC90 for various luciferase 


Luciferase type 


lC5o(%) 


North American firefly 


0.014 


GENJI firefly lucHerase 


0.016 


HEiKE firefly luciferase 


0.026 


HEIKE 1 mutant 


0.028 


HEIKE L mutant 


0.028 


HlK 


0.032 


HLK 


0.035 



55 

[0070] North American firefly luciferase showed the lowest IC50 among the three types of wild- type luciierase That 
is. North American firefly. luciferase was shown lo have the lowest resistance to a surfactant. HEIKE firefly luciferase 
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showed the highest IC50 among ihe wild-type luciferasd. HLK and HIK showed I C50 higher than those ot wild-type 
HEIKB firefly luciferase and thermosiable HEIKE firefly luciferase. suggesting that the resistance was improved by the 
substitution of an amino acid at the 490-posrtion. 

(0071) Especially HLK showed IC50 higher than that o1 HIK, indicating thai HLK possesses the best surfactant- 
5 resistance. 

E)(ample 5 Method for measuring tnlraceltular ATP 

I0072I Next, a method tor measuring imracellular ATP using the surfactant-resisiant luciferase of the present inven- 
10 tion will be described 

10073] A standard technique used herein was TCA extraaion method wherein imracellular ATP is extracted using 
irichloroacetic acid (TCA) and the amount 0I ATP extracted is measured using lucHerin-luciferase luminescence reac- 
tion. TCA extraction method is excellent in extraction efficiency. Further in TCA extraction method no inhibition 0I lumi- 
nescence reaction is caused by TCA because emission is measured after the sample comaining TCA is diluted 1 :100. 
15 Because of this dilution, however. TCA extraction method is complicated and can causa a decrease in the measuring 
sensitivity. 

1. Materials 

20 (0074) 

(li)Suilactam 

Bfenzalkonium chloride (BAG. Japanese Pharmacopoeia) v^s used. ATP extraction reagent was prepared by dis- 
solving this surfactant at 0.25% concentration into 25mM Tricine (pH 7.75). 
25 (2) Microorganisms 

Four strains. Escherichia cofi (ATCC 25922), Staphytococcus aureus (ATCC 25923). Pseudowonas aeruginosa 
(ATCC 27553) and Enrerococcus faecalis (ATCC 29212) were used. 

(3) Preparation of samples 

In standard techniques, a sample, undiluted solution, was prepared by culturing Ihe prescribed microorganisms on 
30 a normal broth medium (produced by EiKen chemical Co., Lid.) at SS^C overnight. In the method of the present 
invention, a sample diluted solution was prepared by diluting an undiluted solution of the culture fluid to 1 :100 with 
•sterile water 

(4) Luciferase 

Surfactant-resistant luciferase of the present invention were HIK and HLK, Control surfactam-resistanl luciferase 
35 types were known luciferase (North American fireHy lucifefase, GENJl firefly luciferase. HEIKE firefly luciferase. 
HEIKE I mutant, and HEIKE L mutant). 

(5) Luminescence reagent 

luminescence reagent was prepared by adding various luciferase to solution containing 0.l5mM luciferin, 6mM 
EOTA. l5mM magnesium acetate, 0.2mM dilhiothrehol, 0.5% BSA and 25mM HEPES (pH 7,75). 

40 

[0075] The amount of lucHerase to be added was prepared such that ihe lighl emission produced when 1 00 \l\ ot 
2x10"* M ATP standard solution was added 10 1OO ^\ of the luminescence reagent would be ihe same amount of the 
light emission produced when a luminescence reagent attached to Luciferase LU (KiKkoman Corporation) was used. 

4S 2. Method for measuring imracellular ATP 

[0076] 

(1) Method of the presem invemion 

so ATP extraction reagert 100 mI was added to lOO pi of a sampl^. The solution was allowed to stand lor 20 seconds 
at room temperaiure. Then 1OO ^1 of the luminescence reagertt was added to this solution. Immediately after addi- 
tion, the light emission was measured using Lumai LB-9501 produced by Berthoid, 

(2) Standard technique 

1 0 % trichloro acetate solution 1 00 ^J was added to 1 00 pi of a sample and ihe solution was allowed To stand lor 1 
ss minute. 25 mM Tricine (pH 7.75) 9.6ml was added to this extract, and then the extraci was well stirred. 25 mM Tri- 
cine (pH 775) and 1 00 pJ ol a luminescence reagent attached to CheckLite LU (produced by Kikkoman Corpora- 
tion) were added to 1 00 I of the sample. Immediately after addition, the light emission was measured using Lumat 
LB-9501 produced by Berthold. 
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3. Results 

[0077] Tablas 3 and 4 show ihe resuhs. The relalwe raiio of ihe light emissions obiained by ihe use ot ihe lumines- 
cence reagents using various luciferase types is also shown in these tables. Here ihe light emission obiained by ihe 
5 standard technique (TCA exiraction method) was detined as 100%. 



Tabled 



Detection of intraceliuiar ATP 


Measurirtg method 


E.coliATCC25922 




^aureus ATCC 25923 






Measured value (RLU) 


Relative raib (%) 


Measured value(RLU) 


Relative ratio (%) 


Standard technique 
(TCA extraction 
method) 


132794 


(100.0) 


130220 


(100.0) 


Klonh American liretly 


153 


(0.1) 


163 


(0.1) 


GENJI firetly luci- 
ferase 


463 


(0.3) 


659 


(0.5) 


HEIKE liretly luci- 
ferase 


76062 


(57.3) 


74019 


(56.8) 


HEIKE 1 mutant 


47655 


(35.9) 


50031 


(38.4) 


)HEIKE L mutant 


46217 


(34.8) 


61243 


(394) 


MIK 


97073 


(73.1) 


76533 


(5S.8) 


HLK 


&7981 


($6.3) 


72182 


(55.4) 



Table 4 



Detection ot intracellular ATP 


Measuring method 


Raeruginosa ATCC 
27863 




E.taecalis ATCC 29212 






Measured vatue(RLU) 


Relative ratio (%) 


Measured value(RLtJ) 


Relative ratio (%) 


^ndard technique 
(TCA extraction 
rneihod) 


168141 


(100,0) 


12427 


(1 00.0) 


North American tiroily 


553 


(0.3) 


113 


(0.1) 


GENJI firelly tuci- 
ferase 


1503 


(09) 


163 


(1.3) 


HEIKE firefly luci- 
ferase 


117096 


(69.6) 


8132 


(65.4) 


HEIKE 1 mutant 


80455 


(47.8) 


4586 


(36.9) 


HEIKE L mutant 


81069 


(4B.2) 


4762 


(38.3) 


HIK 


131134 


(78.0) 


7914 


(63.7) 


HLK 


131815 


(78.4) 


7998 


(64.4) 



[0078] No emission was obrserved for the luminescence reagent containing North American firefly luciterase, 
GENJI firefly lucHer^e showed weak emissioa This is because the luciferase itself was devitalized by the surfactant. 
Therefore, it was shown that the surfactant at high concentration such as was used in this examination cannot be used 
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as an ATP extraction reagerrt lor ihe lucHerase. 

I007») Unlike North American liretly lucHerase and GENJI firefly iuciforase, HEIKE firefly lucilerase showed emis- 
sion 60 to 70% of ihat in TCA e«raciion method. HEIKE firefly lucifwase was shown to possess surlaciani-resistance 
higher Than those of NoMh American firefly luolerase and GENJI firefJy luciferase, 
5 tOOBO] light emissions from HEIKE L mutant, and HEIKE I mutam which is thermostable HEIKE firefty luciferase 
were *ach equivalem to around 40% of tnai in TCA extraction method, and largely lower than that of wild-type HEIKE 
firefty luciferase. 

I0OB1) Each of the light emission from HIK and HLK. which is surlaaant-resietant lucilerase of the present inven- 
tion, respectively was more intense than that from wild-type HEIKE luciferase and thermostable luciferase. Further the 
TO light e|mis5ion in this case was equivatent to 60 to 80% of That in TCA extraction method, 

[OOfiq HIK and HLX are mutants wherein Glu at the 490.posrtion of HEIKE I and HElKE L mutants are substituted 
for Lys, respectively. That is. the introduction of said mutation into the amino acid at the 490-posiiion improved resist- 
ance io a surtaaant The sensitivity of HIK and HLK is less affected by ATP extraction reagent even at such a high con- 
centration employed in this examination, suggesting ihe use of HIK and HLK enable highly accurate measurement. 
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Industrial ApplfcabHHy 



IDOM{| The use of a novel surfactam-resisiam luciferase according to the present invention for measuring intracel- 
lular ATP allows the detection without a decrease in luciferase activity even in the presence of a surfactant at a high con- 
20 centration. 

10084] All publications, patenis and paiam applications cited herein are incorporated herein by reference in their 
eniirfijty. 
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Sequence Listing Free Text 
[0085] 

SEOjlD N0;1 : A synthetic DMA 
SEO;IONO;2: A synthetic ON A 



3S 



40 



4S 



ao 



55 
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20 



30 



35 



40 I 



SBQUEKCE M3TITO 
<110* nroCOMftM CORPOHATIOM 

<130> LUCiraUSB AHD HETHOfD P0» ASCAYIM DlTRACELLTnAR AXP 
BY VdlKQ THE SAIIE 



<130> AHB/FP5W4723 

<1^0> KP 90961523.2 
<a41> 1998-12-24 

<150> PCT/JP9e/0586i 
: <1S1> 1999-12-24 

IS <150> JP 361022/1997 

<151> 1997-12-26 

; <160> 6 

<170> Patentln Vcr, 2.0 



<210> 1 
c21l> 23 
<213> DMA 

<213> ArtlClcial Soqtuence 
<220> 

<223> Synthetic lOfA 
<400> 1 

<210> 2 
<211> 23 
<212> DSA 

<213> Artificial Sequence 

^220> 

<223> synchecio DHA 

«400> 2 

ttc*gctcccg gaagctcacc age 23 

<210> 3 
-q211> 1644 
! <212> DNA 

c213>- Luclola lateral i» 

i 

<22l> CDS 

<222> (1) . . (X644) 

<40O> 3 

\ fctg gaa aac acg gag aac gac gaft aat att grg tat ggt cct goa cca 40 

SO , Net Clu Aon Met Clu A£& Aap Olu Aen lie Val Tyr Cly Pro Glu Pro 

.1 5 10 IS 

tec cac cct ate gaa gag gga cct get gga gca caa ttg cgc aag tat 96 

S5 ! 
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TO 



pKo Tyr Pro Ilo Glu Glu Cly 6er Ma GXy KU Oln Leu Arg l^ye Tyr 
20 25 30 

arg g»t cga tat gca aaa ctt gga gca att ect ttt act aac gca ctt 
Met Aep Arg Tyr Ala Lye lch Cly Ma lie Xla Phc Hir Aen jvla Xicu 
35 40 45 

acc ggt gtc gat tat acg tac gcc gaa tac tea gaa ana tea tgc tgt 
Thr Oly Val Asp Tyr tlir Tyr Ala Olu Tyr Leu Olu tyo Sct Cye Cye 
50 55 60 



144 



192 



15 



eta gga gag get tta aag aat tat ggt ttg gtt gtt 9at gga aga att 240 
Leu Gly Glu Ala Leu Lya Aen Tyr Oly Leu Val Vol Aap Gly Arg He 
65 70 is flO 

gcg tta tgc agt gaa aac tgt gaa gaa ttc ttt att cct gta tta gcc 289 
Ala Leu Cya Ser CJlu Ain cya Glu C1\j PAe Pbe !!• Pro Val Leu Ala 
DS 90 95 



20 



ggc rta ttt ata ggt gtc ggt gtg get cca act aat gag att cac act 
Gly Lou Phc Jlo Gly Val Gly Val Ala Pro Thx A«b filu He Tyr Thr 
100 105 110 



336 



Z3 



eta cgt gaa ttg gtt cac agt tta ggc ate tct aag cca aca ate gta 3^ 
Leu Axg Olu Leu Val His Ser Leu Qly He Sftr Lya Pro Tbr He val 
115 120 125 

ttt agt tct aaa aaa gga tta gat aaa gtt ata act gta caa aaa acg 432 
Phe Ser Ber Lyff Lya Oly Leu Asp Lye Val He Tlir Val 01 n Lys T^r 
130 135 140 



^0 



gta act get att aaa acc att gtt aca ttg gac age aaa gtg gat tat 
Val Tbr Ala He Lya Thx He val ilo Leu Aap S^r Lya v«l Aap lyr 

lis 150 155 160 



480 



aga ggt tat eaa tec atg gac aac ttt att aaa aaa aac acc cca caa 
Arg Gly Tyr Gin Ser Met Asp Aaa Phe Ha Lya Lye Aaa Thr Pro Gin 
165 170 175 



526 



35 



ggt ttc aaa gga tea agt ttt aaa act gta gaa gtt aac cgc aaa gaa 57G 
Oly Phe Lys Gly Ser 8er Phe Lys Tbr Val olu Val Aon Arg Lya Olu 
180 165 190 



40 



caa gtt get ctt ata acg aac cct tog ggt tea acc ggt ttg cca aaa 
cnjQ Val Ala Leu He net Aon Ser Ser Oly Ser thr Gly Leu Pro Lys 
195 200 205 



624 



ggt gtg caa ctt act caC gaa aat ctg gtc act aga ttt tec cac get 672 
Gly Val Ola Leu Tbr His Glu Aan Leu Val Tlir Arg Pbe Ser Hie Ala 
210 215 230 

aga gat cca at.c tat gga aac caa gtt tea cca ggc acg get att tta 720 
Arg Aap Pro He Tyr Gly Aea Gin Va) Ser Pr» Gly Thr Ala He Lau 
22& Z30 235 240 



SO 



act gta gca cca etc cat cat ggc ttt ggt ftcg ttt act act tta ggc 
Thr Val val Pro Phe His Hlo Gly Phe Gly Mat Phe Thr Thr Leu Oly 

245 250 255 



768 



tat cca act tgt ggt ttt cgt ott gtc atg tta acg aaa ttt gac gaa 816 
Tyr Leu Thr Cye Gly Phe Arg He Val net Leu Thr Lya Phe Asp Olu 



55 
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2G0 



2€S 



270 



gag act ttt tta a&a aca ctg caa gat tmc lAa tgt tea age gtt act 864 
Olu Thr Pile Leu Lya.Thr beu Gin Aop Tyr Ly» cy» scr Ser Val lie 

275 280 385 



JO 



etc gta ccg act ttg ttt gca act ctt aac aga agt gaa tta etc gat 912 
Z>eu Val Pro Thr Leu Phe Ala lie I/au AiB ilrg Ser Olu Leu Leu Aop 
250 295 300 

aaa cat gac tta tea aat tta gtt gaa att gca tct ggc gga gca ccc 960 
Lya Tyr Asp Leu Ser Aan Leu Val 01» He Ale Ser oly Oly Ala Pro 
905 310 315 320 



15 



tta tct aaa gaa att ggt gaa get get get aga cgt ttt aat tta ccg 
1008 

L,cu Ser Lye Olu He Gly Glu Ala Val Ala Arg Arg Phe Asn Leu Pro 
^25 330 335 



50 



ggt gtc cgt caa ggc tac ggt tea aca gaa aca acc tot gua att att 
105€ 

Oly Val Arg Cln Gly Tyr aly Leu Thr olu Ttr Thr Ser Ala He He 

340 345 350 



25 



ate aca ccg 'gaa ggc gat gat aaa cca ggt gcc ret ggc aaa gtt gtg 

1104 

He Thr Pro Olu Oly Affp Anp Lya Pro Oly Ala Ser Oly Lya Val Val 
355 360 365 



S0 



cca tta ttt aaa gca aaa gtt ato gat ctt gat ace aaa aaa act ctg 
1152 

Pro Leu Pho Lye Ala Lys val He Adp Lou Aap Thr Lyy Lya Thr Leu 
370 375 3»0 

ggc ccg aac aga cgt gga gaa gtt cgt gta aag ^gt ccc arg etc atg 
1200 

Gly Pro Aon Arg Arg Gly Olu. Val Cya val Lya Gly Pro wet U?u rtet 

385 3>0 395 400 

aaa ggt tat gca gat aat cca gaa gca aca age gaa ate ata got gaa 
1246 

Lya Gly Tyr VaI A«p Aon pro Glu Ala Thr Arg Glu He He A«p Glu 

aoS 410 415 



40 



gaa ggt t9g ttg cac aca gga gat att ggg tat tac gat gaa gaa aaa 
1296 

Olu Cly Txp Leu Hlft Thr Gly Aop Ha Gly Tyr Tyr Aap Glu Olu Lye 
420 425 430 



4S 



cat etc ctt ate gtg gat cgt tcg aag tec tta ate aaa tac aaa gga 

1344 

Bia Phe Pbe He Val Acp Arg Leu Lya Ser Leu He Lye Tyt Lys Oly 
435 440 445 



SO 



tat caa gta cca ccc gcc gaa tta gaa tct gtt etc ttg caa cat cca 

2392 

T>*r Oln Ve3 Pro Pro Ala Glo Leu Olu Ser Val Leu Leu Gin Hie Pro 

450 455 iSO 



aac att tec gat gcc ggc gtt gcc ggc gtt cca gat ccC ata get ggc 

1440 



55 
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AAA lift Vht A*p AlA Oly Vftl A2a Oly Val Pro Asp Pro lie Ala Oly 

«S5 ^'yO 475 480 

s gag ctt ccg gga gcc get get gta ctt ««g aaa gga aaa tct atg act 
laee 

Glu Leu Pro Gly Ala Val va) val Lfcu Ly«t lyjB (?ly Uys Ser Itet thr 

4B5 490 495 

gaa aaa gaa gw atg gat cac gtt get agt caa gtt tea aat gca aa« 
'0 1536 

Glu LyB Glu Val Wet Asp Tyr Val Ala 8cr OIjb Val Ser Aan Ala Lya 

KOO 505 510 



15 



2$ 



$0 



55 



40 



45 



so 



55 



cgt ttg cgt ggt ggt gtc cgn ttt gtg gac gaa gta cct aaa ggt etc 

1584 

Axg Leo Arg Gly Gly val Arg Pb« Val Aop Olu val Pro Lye Gly Leu 

515 520 525 



; act ggt aaa att gac ggt aaa gca att aga gaa ata ctg aag aaa cca 

! 1632 

Thr Gly Lys He Asp Gly Ly» Ala Ilo Arg Glu lie Leu Ly» Lye Pro 
^ j , 530 535 S40 

1 gtt get aag atg 

1644 

Val Ala Lye Met 

i . S4S 



<2I0> 4 

<aii> 54B 

<2I2> PRT 

<213> Luclola lateralle 
<400> 4 

Met Olu AoD net Glu Aab Asp Olu Aea lis Val Tyr Oly Pro olu Pro 
15 10 ' 15 

Phc Tyr Pro He Glu Glu Gly Ser Ala Gly Ala Ola Leu Arg Lya Tyr 
20 25 30 

Met Adp Arg Tyr Ala Lye Leu Gly Ala He Ala P)ie Thr Asn Ala Leu 
35 40 45 

Thr Gly Vol Aap Tyr Thr Tyr Ala Glu Tyr Leu Glu Lyo Ser Cya Cya 
50 55 60 

Leu Oly Olu Ala Lou Lyo Aan Tyr Gly Leu Val Val Asp Gly Arg He 
€5 70 75 BO 

Ala Leu Cye fier Olu Aen Cyo Glu Olu Phe Phe He Pro Val Leu Ala 
B5 30 d5 

Gly Leu Phe He Gly Val Gly Val Ala Pro Thr Aon Glu He Tyr Thr 
100 IDS 110 

Leu Arg Glu Leu Val Hie Ser Leu Oly He Ser Lys Pro Thr He Val 
115 120 125 

Pbc Scr Scr Lys Lya Gly Leu Ai»p Ly» Val lie Hxr Val Gin Lys Tbr 
130 135 140 
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v»3 Thr Al» lie Lye Thr lie val lie Asp Scr Lye v*l Asp lyr 
145 150 155 160 

5 Xrg Oly Tyr Gin Ser Met Aap Aon Phe lie Lya Lye Aon Thr Pro Ola 

i 165 l"?© 1*75 

Gly Pbe X.y» Cly Ser Ser Phc Lye thr Val alu V*l A»& Arg Lys Clu 
IBD 165 190 

10 oln val Ala Leu lie Met Aon Bcr 6«r Oly Ser TKr Oly Leu fro LyB 

195 200 205 

Gly Val Oln Leu Thr Hid Glo Aap Leu VaI Thr Arg Pbd Ser His Ala 
210 215 2^0 

15 Arg Aep Pro He lyr Oly AB& Gin val 3«r Pro Oly Thr Ala lie L«u 

225 330 235 240 

IbT Val Val Pro PhB Bia Bio Oly Phe Gly Met Phe Thr Thr Leu Oly 
245 250 255 

20 Tyr Leu Thr Cya oly Phe Arg lie val Plet Leu Thr Lye Phe Aap Glu 

260 265 270 

Glu Thr Phe Leu Lyo Thr Leu Gl» Aep Tyr Lya Cya Ber Ser Val lie 
I 275 2SQ IBS 

2s Leu Val Pro Thr Lou Pbc Ala lie Leu Aan Ar^ S«r Glu Leru Leu Aap 

290 295 300 

by a Tyr Aap Leu Ser Aan Leu val Glu lie Ala Bex Oly Gly Alo Pro 
305 310 315 320 

70 Leu Ser Lya Glu lie Oly Olu Ala Val Ala Arg Arg Phe Abd Leu Pro 

325 330 335 

Cly val Arg Oln Oly Tyr oly Leu Thr Olu Thr Thr Ser Ala lie lie 
I 340 345 350 

55 He Tbr Pro Glu Cly Aap Aap Ly» Pro Cly Ala Sar Oly Lya val val 

; 355 360 365 

Pro Leu Phe Lye Ala Lys Val He Aap Leu Asp Thr Lys Lye Thr Lou 
370 21S 380 

40 Oly Pro Aaoi Aig Ar3 Gly Glu Val Cye Val Lye Gly Pro Met Leu Het 

365 390 396 400 

Lye Oly Tyr val Asp Aan Pro Glu Ala Thr Arg Glu He He Aap Glu 

405 410 415 

I 

45 Olu Oly Trp Leu Uia Thr Gly Asp He Gly Tyr Tyr Asp Glu Olu Ly6 

420 its 430 

Hie Phe Phe He val aep Arg teu Lya Sar Leu He Lyo Tyr Lya Oly 
435 440 445 

50 Tyr Olia Val Pro Pro Ala Glu Leu Olo Ser Val Lou Leu Oln Hi a Pro 

450 455 460 

* Aan He Phe Asp Ala Gly val Ala Oly Val Pro Asp Pro He Ala Oly 

55 ! 
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46S 



470 



47S 



480 



(Jlu Leu Pro OXy Ala Val Val Val Leu l^yft l#ys Oly Lye Ser Met Ttr 

490 495 



10 



Glu Ly& alu VnJ Met Afip Tyr Val Al* Str Oln Vol 9cr Aon Ala Lyo 

SCO SOS * SXD 

Arg Leu Arg Oly Oly val Arg Pbc val Asp Glu Val Pro Xyo Qly Leu 
SIS 520 525 



Thr Gly Lyo He Asp oly ijyB Ala He Arg Qlu lie L^u lya hyo Pro 
530 535 540 



15 



Val Ala Xys Mot 
545 



20 



<210> S 
<211> 1644 
<212> DMA 

<2X3> LMCiola lateralis 



<220> 

<221> CDB 

<222> (1)..(1644) 



25 



30 



55 



<400> 5 

atg 9aa a«c acg gag aac gat gaa aat att gtg tac ggt cct gaa cca 4B 

Mat Glu Ado Mat Olu An Asp Olu Aan lie v*l Tyr Qly Pro Glu Pro 

1 5 10 15 

CCL tac cct att gaa gag gga tct get gga gca caa ttg cgc aag tac 96 

Phe Tyr Pro ila clu Glu Oly Scr Ala Gly Ala 01a Leu Arg Lya Tyr 

20 25 30 

acg gat cga tat gca a«a ctt gga gca act get ttt act aac gcA ctt 144 

Met Acp Arg Tyr Ala tye Leu Gly Ala He Ala Pbe Thr Asn Ala Leu 

35 40 45 

acc ggt gcc gat tat acg cac gcc gaa tac tta gaa aaa tea tgc tgc 192 
Tbr Gly Val Aap Tyr Thr Tyr Ala Clu Tyr Lau Glu Lyo Sar Cye Cya 

SO 55 ^0 



'40 



45 



50 



cca gga gag get tta aag aat tac ggt ttg gtt get gat gga aga att 240 
Leu Oly Glxj M« Leu Lyo Aan Tyr Oly Leu Vftl val Asp Oly Arg He 
70 75 80 

gcg tta tgc agt gaa aac tgt gaa gaa ttc ttt att cct gta tta gcc 2d8 
Ala Leu Cye Ser Olu Aan Cy» Olu Olu Pha Pbe Ho Pro Val Lou Ala 
as 90 95 

ggt tta ttt ata ggt gtc ggt gtg get cca J^cc aat gag att tac act 336 
Oly Leu Phe He Gly Vai Gly Val Ala Pro Thr Aon Olu He Tyr Thr 
100 105 xiO 

eta cgt gaa ttg get cac ^t tta ggc ate tct aag cca aca att gta 384 
Leu Arg Olu Leu Val Hi« Ser Leu Oly He Sex Lyo Pro Thx He Val 

320 125 



ttt agt cct aaa aaa gga tta gat aaa gtt ata act gta caa aaa acg 



432 



55 
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Phe S^r 3*r l*y» Lyo Oly 
X30 

9ta act 9ct acc aaa acc 

V«l Thr Ala lie Lys Thr 

145 X50 



I^eu A0p Lyff 
135 

ate get aca 
lie Val Xlc 



v«i He 



teg 0dc 
Leu A0p 
155 



Thr V«l 
140 

asc aaa 
Sex t.y» 



Oln Lore Thr 



Srtg gat tat 
V4l Aop Tyr 
ISO 



4ao 



10 



Aga ggt tat caa tec atg gac aac ctt att aaa aaa aac act cca caa 
Arg Cly Tyr Gin S«r Met Aap A»n >he 11a Lys Lya Aed tht Pro Qln 

3«S 170 175 



52 a 



15 



ggc ttc aaa gga tea agt ttt aaa act 
61y JPhe Lye 3ly S&r Sar Pbe Lye Thx 
180 185 

caa gtt gcc ctt ata atg aac tct teg 
Oln Val Ala Leu lie Met Aen Sar Ser 
195 300 



gta gaa 
Val Olu 



ggc cca 
6ly Sar 



gtt aac 
Val Aon 



acc ggt 
Thr Gly 
205 



cgc aaa gaa 

Arg Lys Glu 
190 

Ctg cca aaa 
Leu Pro Lya 



576 



^24 



9gc gtg caa ctt act cat gaa aat ate gt^c act aga ttt 
oly val Oln Leu Tbr His Glu Aan lie Vai Tbx Arg Phfc 
210 215 220 



tct cac get 
S&x Mxe Ala 



G12 



30 



35 



4C 



45 



50 



55 



^ga gat cca ate tat gga 
Arg Asp Pro lie Tyr Gly 
225 230 

act gta gta cca etc cac 
Thr Val Val Pro Pbe His 
245 

tac eta act tgt ggt ttc 
Tyr Leu Thr Cye Oly Phe 

gag act ttC tta aaa aca 
Olu Thr Pbe Lau Lye Thr 
275 

ctt gta ccg act ttg ttb 
Leu Val Pro Thr Leu Phe 
290 



aaa cat 

Lyo Tyr 

305 

tta tct 

1O08 
Leu Ser 



ggt gtt 

1056 
Gly Val 



ate aco 

1104 

lie Thr 



gat tea 
Aap Leu 



»aa gea 
Lyo Olu 

cgt caa 

Arg Cln 
340 



cca aat 
Ser Aan 
310 

act ggc 

He Gly 
325 



aac caa gtt 
Afln Gin Val 



cat ggt ttt 
His Gly Phe 



cgt att gtc 
Arg lie Val 
265 

ctg caa gat 
Lfiu Oln Afip 

280 

gc^ att ctt 
Ala lie Leu 
295 

tta get gaa 
Leu Val Glu 



gaa got gtt 
Olu Ala Val 



tea cca 
Ser Pro 
335 

ggt atg 
Oly Met 

350 

atg tta 
Hat Leu 



tac aaa 
Tyr Lya 



aat aga 
Aaa Arg 



ggc cac ggc tea aca 
Gly Tyr 



ccg gaa ggc gac 

Pro Glu aiy Aflp 
355 



Gly Leu Thr 
345 

gac aaa cca 

Asp Lye Pro 
3 60 



act gca 
lie Ala 

315 

get aga 

Ala Arg 
330 

gaa aca 

Glu Thr 



ggc a eg 
Oly Thr 



ttt act 
Phe Tfcr 



aeg aaa 
Tl»r Lya 



tgt tea 
Cye Ser 
285 

agt gaa 
Ser Clu 
300 

tec ggc 
Ser Cly 



cgt ttc 
Arg Phe 



get acc tta 
Ala lie Leu 

24 0 

act tea ggc 
Thr Leru Cly 
255 

ttt gac gaa 
Phe Asp Olu 

270 

age gtt att 
Ser Val He 



cca etc gat 
Leu Leu Asp 



gga gca ccc 
Cly Ala Pro 

320 

aat tta ccg 

Affjo Leu Pro 
335 



acc tct gca ate att 
Thr Ser 



flSt get tct ggc 

Gly Ala Ser Gly 
365 



Ala lie lie 
350 

aaa gtt gtg 
Lye Val val 



720 



76e 



816 



864 



S12 



960 
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15 



20 



25 



90 



S5 



40 



45 



SO 



ccft tea ttt 
1152 

Pro Leu Phe 

370 

9gc ccg aac 
1200 

Gly Pro Asn 
ass 

aaa ggt tat 

1248 

Lyo Qly Tyr 



g&a ggz egg 
1296 

Olu Oly Trp 



cat ttc ctt 
1344 

Ris Phe Phe 
43S 

tac caa gta 
1393 

Tyr Oln vol 

450 

aat att ctt 
1440 

Aan lie Phe 

46S 

gag etc ccg 
1466 

Olu Leu Pro 



gaa aaa ga^ 
1536 

Olu Lye Glu 



cgt ttg cgt 

1584 

Arg Lea J*xg 
515 

act ggt ^aa 
1632 

TKc Oly Lyfi 
530 

gtt get aag 

1644 

Vdl Ala Lya 
545 



aaa gca aaa gtt ate 

Lya Ala Lys val lie 
375 

aga cgt gga gaa gtt 
Arg Arg Gly Rlw Val 

390 

gtft gat aat cca gaa 

Val Asp Aen Pro Olu 
405 

ttg cac 

Leo His 
420 



acA g$a gat «tt ggg 
Thr Gly Asp 



etc gtg gat cgt ttg 

lie Val Asp Arg Lau 
440 

cca ccc gcc gaa tta 

Pro Pro Ala Qlu Leu 
455 

gat gcc ggc gtt get 
Aep Ala 



gat ctt gat act 

Afip Leo Aap Thr 
3B0 

tgt gta aag ggt 

Cyo val Lye Cly 
395 

aga gaa 

Arg Glu 

tat tac 

Tyr Tyr 

tta ate 
Leu Xlc 



gca nca 

Ala Jbr 
410 



Oly val Ala 

470 



gga gcc gtt gtt gta 
Val val Val 



Gly Ala 
48S 



gLa atg gat tac get 

Val Met Asp Tyr Val 
5 DO 

9Srt ggt gtc cgt ctt 

Cly Oly Val Arg Phe 
520 

att gac ggt aaa gca 
lie Asp 



lie Gly 
425 

aag tct 
Lya Ser 

gaa tet 
Glu Ser 

ggc get 
Gly Val 

ctt aag 

Lau LyQ 
490 

get agt 

Ala Sar 

505 

gtg gac 
Val Aap 



gat g&a 

Asp Olu 
430 

aaa tac 

Lyo Tyr 
445 



Val Leu 
460 

cca gat 

Pro Aap 
475 

aaa gga 

Lya Gly 

caa gtt 
Oln Val 

gaa gta 

Olu Val 



Gly Lya Ala 
535 



att aga gaa ata 

lie Arg Olu llo 
540 



aaa aaa act ttg 
Lye Lye Thr Leu 

cct atg ctt atg 

Pro Ket Leu Met 
400 

ate ata gat gaa 

lie He Asp OXm 
415 

gaa aaa. 
Olu Lye 

aaa gga 
Lye Gly 

cat cca 
Hla Pro 

get ggt 

Ala Gly 
460 

atg act 

Mat Thr 
495 

gca aaa 
Ala Lya 

ggt etc 
Gly Leu 

aaa cca 
Lya Pro 



gtt ctt ttg caa 
Leu Oln 



cct ata 
Pro He 

aaa tec 
Lya Ser 

cca aat 

Ser Aan 
510 

cct aaa 

Pro Lye 
525 

ctg aag 
Leu Lya 



tatg 
Met 



55 
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<210> 6 
<211> 54B 
<212> PRT 

c^-13> LuclolA lateralis 



<400> $ 

Met Qlu Aan Met Qlu Aon Acp Olu Am He Val Tyr Gly Pro 3l\i Pro 

IS 10 as 

Pbc Tyr Pro He Olu Qlu Gly Ser Ala Oly Ala Gla l>cu Arg Lys Tyr 

20 25 30 



IS 



30 



25 



SO 



35 



40 



50 



Met A©p Arg Tyr Ala Ly« Leu Gly Ala He Ala Phe Tbr Aan Ala Leu 

35 40 45 

Tbr Gly Val Asp Tyr Thr Tyr Ala Olu Tyr Leu Glu Lyo Ser Cye Cyo 
50 5S 60 

J>eu Gly Glu Ala Leu Lye Aaa Tyr Oly Leu Val Val ADp Gly Arg Tie 
70 75 00 

Ala Leu Cya Ser Olu Aoja Cys Glu Glu Plje Phe He Pro Val Leu Ala 
B5 90 95 

Gly Leu Phe He Gly Val Oly Val Ala. Pro Thr Aon Glu He Tyr Thr 
100 los aio 

L6U Arg Olu Leu Val Hie Ser Leu Oly He 3cr Lya Pro Thr He val 
115 120 las 

Phe Ser Ser Lya Lye Cly L«u Aap Lyo Val Ha Thr Val Ola Lyo Thr 
130 135 140 

Val Thr Ala He Lya Thr He Val He Leu Aap Sor Lya Val Aap Tyr 
ISO 155 160 

Arg Oly Tyr Gin Ser Met Asp Asn Phe He Lys Lyo Aon Thr Pro Gin 
16S 170 175 

Gly Phe Lya Gly Car S«- Phe Lya Thr Val Glu Val Asn Arg Lye Glu 

185 190 

Gin val Ala Leu Ha Met Aan Ser Ser Oly ser Thr Gly Leu Pro Lye 

200 205 

Oly val Ola Leu Thr Hie clu Aon He. Val Thr Arg Phe Ser Hie Ala 
210 , 215 220 

^ Asp Pro He' Tyr Oly Aan Gin Val Ser Pro Oly Thr Ala He Leu 
"0 235 240 

Thr VAl vel Pro Phe Hie Hie oly Phe Oly Met Phe thr 'thr Leu Oly 
245 250 255 

Tyr Leu Thr Cye Gly Phe Arg He Val Mat Leu Thr Lye Phe Aep Glu 

2^5 270 

Glu Thr Phe Leu Lya Thr Leu Gin Aap Tyr Lys Cys Ser Ser val He 

27S 260 
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TO 



Leu Val Pro Thr Leu Pbc Ala lie Leu A5Ji Arg Ser Olu Leu Leu Asp 

290 2^5 300 

lys Tyr Asp leu Ser Asn Leu val Olu. lie Ala Ser Oly Gly Ala Pro 

305 310 315 320 

Leu Ser Lys Glu He Gly Glu Ala Val Ala Arg Arg Phe Asn Leu Pro 

325 330 335 

Gly Val Arg Gin Gly Tyr Gly Leu Thr Glu thr Thr Ser Ala lie He 

3a0 345 350 



1$ 



He Thr Pro Olu Oly Asp Asp Lye Pro Gly Ala Ser Gly Lys Val val 

355 360 365 



Pro Leu Phe Lys Ala Lys Val He Aap heM Asp Thz Lya Lye Thr Lou 
370 375 360 



£0 



Oly Pro Asn Arg Arg Gly Glu Val cys Val Lye Oly Pro Met Leu Met 
385 390 395 400 



25 



30 



35 



40. 



46 



SO 



Lys Oly tyx Val Asp Abod Pro Glu Ala Thr Arg Olu He He Asp Glu 
405 410 415 

Olu Gly Trp Leu His Thr Gly Asp lie Oly Tyr Tyr Aap Glu Glu Lye 
420 425 430 

HiB Pbe Phe He Val Asp Arg Leu Lys $er Leu He Lys Tyr Lya Gly 

435 440 .445 

Tyr Gin Val Pro Pro Ala Glu Leu Glu Ser Val Leu Leu Gin His Pro 
450 455 4€0 

Asn He Pbe Asp Ala Gly Val Ala Gly Val Pro Asp Pro He Ala Gly 

465 470 475 43Q 

Olu Leu Pro Gly Ala Val Val Val Leu Lys Lye Gly Lys Ser Met Thr 
485 490 495 

Olu Lye Glu Val Met Asp Tyr Val Al«i Ser Gin Val Ser Asn Ala Lye 
500 505 510 

Arg Leu Arg Gly Gly Val Arg Phe Val Aap Glu Val Pro Lys Gly Leu 
515 520 S2S 

Thr Gly Lys He Asp Oly Lya Ala He Arg Glu He Leu Lys Lys Pro 
530 535 540 

Vftl Ala Lya Met 
545 



1. A| lucrferase having resistance to a surlaciant. 



I 
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2.; The lucit&rase of claim 1 wherein an amino acid corrasponding to lhat at the 490-posiiion of lucilerase from Genji 

j or Haik9 firefly is substituted by an amino acid other than glutamic acid in the amino acid sequence of firefly luci- 

i ferase. 

5 X The lucrferase of claim 2 wherein the amino acid other than glutamic acid is lysine. 

I 

4-i The luciferasG of claim 1 wherein it is: 

I (a) a polypeptide consisting of the amino acid sequence shown in SEO ID N0:4; or 

^ polypeptide comprising additions, deletions or substitutions of one or more amino acids in the amino acid 
sequence of the polypeptide defined in (a) and having luciferase activity resistant to a surtaciani. 

5J The luciferase of claim 1 wherein it is: 

'J j (a) a polypeptide consisting of the amino add sequence shown in SEO ID N0:6: or 

(b) a polypeptide compricing additions, deletions, or substitutions of one or more amino acids in the polypep- 
tide detind in (a) and having luciferase activity resistant lo a surfactant. 



20 



6.1 A luciferase gene encoding the luciferase of any one of claim 1 lo 5. 
7.; A recombinant vector comprising the luciferase gene of, claim 6. 
8. 1 A transfer mani comprising the recombinant vector of claim 7. 



I 



23 9,! A method for producing a luciferase wherein the method comprising culturing the translormant of claim 8 in a 
' medium and recovering the luciferase from the resulting culture. 

1p, A method for measuring imracellular ATP characterized in lhat a luciferase having resistance to a surfaciani is used 
as a luciferase for use in the method comprising a first step wherein ATP is extracted in the presence of the sur- 
30 , factant from cells in a sample, a second step wherein a luminescence reagent containing luciferase is added to the 
, extracted ATP solution to cause ©mission of light, and a third step wherein the amouni of light emission is meas- 
, ured. 

11,. The method for measuring intracellular ATP of claim 10 wherein the lucrferase having resistance to a surfactant is 
35 a luciferase of any one of claim 1 to 5. 

12. The method for measuring intracellular ATP of claim 1 0 or 1 1 wherein the light emisision is caused by addition of a 
J luminescence reagent in iho presence of a suHactam of 0.01% or more. 

^0 13. The method lor measuring intracellular ATP of claim 10. 11 or 12 wherein the surfactant is any of a cationic sur- 
^ factant, an anionic surfaciani, a nonionic surfactant, and a ampholytic surfactant 



4$ 



50 



I 

53 i 
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Figure 1 



9 



Nr 



pHtn-217IjBa 
(4Jkbp) 



Ap 



1 



Site-directed arotagenesis 



Nr 



LkP 



>-5kbp) 



Ap 




Ala£17ll« G)u480LyB 



EcoKV+Nad 



Nr 



pHLflK 



Ap 



pHljE7-2l7nc 



Nr 



A|> 



, UL; Lodola lateralis luciferase cDNA, Ap; /5 -hctaniw gene, LacP; ^ -galaaosidase 
; proj»olCT,mEcoRI,RV;EcoRV,Nr^arl 



I 

I 
I 
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Figure 2 



100 




11me(sec) 
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Figure 4 
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